We combine the results from the CDF and D0 tests of models of the Higgs boson with exotic spin and parity. The data set analyzed by the CDF and D0 Collaborations corresponds to approximately 10 fb −1 per experiment of pp collision data collected at the Fermilab Tevatron at √ s = 1.96 TeV.
I. INTRODUCTION
were small, then the properties of the selected sample of candidate events can be used to test for the spin and parity properties of the new particle. This is largely the case at the LHC, where the signal-to-background ratio in the H → ZZ → ℓ + ℓ − ℓ + ℓ − exceeds 2:1 with minimal kinematic sculpting, and the five measurable angles provide strong constraints on the spin and parity of the Higgs boson. In the case of the Tevatron searches, however, due to the large SM background contributions and the necessity of using multivariate analysis (MVA) event selection techniques to select subsamples with a broad range of signal purity, the proposed strategy needs to be modified. CDF and D0 have taken different approaches to this modification, and have conducted tests of the proposed exotic models. CDF has adapted its MVA searches for the SM Higgs boson to test for the exotic Higgs bosons as possible new particles, either in addition to, or replacing, the SM Higgs boson [19] . D0 has selected low and high purity signal samples, using either the reconstructed dijet mass or the MVA used in SM Higgs boson search, depending on the channel in question. The mass of the V X system is then used to discriminate between the non-SM X and SM hypotheses [20] . While these analyses are based on their SM counterparts, they are optimized to distinguish the 0 − and the 2 + hypotheses from the SM 0 + hypothesis, and not for the observation of the 0 + hypothesis; the analyses optimized to separate the 0 + signal from the background are detailed in Ref [6] and references therein. The results of these differently-optimized searches are combined using the techniques described in Ref. [6] . These techniques have been modified to allow the possibility of two signals with different kinematic properties simultaneously present in the data.
III. SAMPLE SELECTIONS AND BACKGROUNDS
Event selections are similar for the corresponding CDF and D0 analyses, consisting typically of a preselection followed by the use of a multivariate analysis technique with a final discriminating variable to separate signal and background. In the case of D0, the W H → ℓνbb [21] , ZH → ννbb [22] and ZH → ℓℓbb [23] analyses are used without any modification of the event selection.
For the case of W H → ℓνbb, an isolated lepton (ℓ = electron or muon) and two or three jets required, with one or more b-tagged jets, i.e., identified as containing a weakly-decaying b hadron. Selected events must also display a significant imbalance in transverse momentum (referred to as missing transverse energy or E / T ). Events with more than one isolated lepton are rejected.
For the D0 W H → ℓνbb analyses, the data are split by lepton flavor and jet multiplicity (two or three jet subchannels), and by the output of the b-tagging algorithm applied to all selected jets in the event. As with other D0 analyses targeting the H → bb decay, the W H → ℓνbb analyses uses an MVA based b-tagging algorithm [24, 25] that exploits information on the track impact parameters, secondary vertices and event topology to discriminate between b and light jets. Four exclusive b-tagging categories, "one-tight-tag" (1TT), "two-loose-tag" (2LT), "two-mediumtag" (2MT), and "two-tight-tag" (2TT) are formed. Events with one b-tagged jet are categorized by the b-tagging discriminant output for a single jet. Events with more than one b-tagged jet are categorized by the average of the b-tagging discriminant outputs of the two jets with the highest discriminant outputs into the three two-tag categories. D0 achieves b-tagging identification efficiencies of ≈ 80% (≈ 50%) for true b-jets, for a mis-identification rate of ≈ 10% (≈ 0.5%). The outputs of boosted decision trees, trained separately for each sample are used as the final discriminating variables in the SM Higgs boson search.
For the CDF W H → ℓνbb analyses, events are analyzed in only the two-jet category for this study. Events are classified into separate analysis categories based on the quality of the identified lepton. Separate categories are used for events with a high quality muon or central electron candidate, an isolated track, or a forward electron candidate. Within the lepton categories there are five b-tagging categories considered for two-jet events: two tight b tags (TT), one tight b tag and one loose b-tag (TL), two loose b-tags (LL), a single tight b-tag (T), and a single loose b tag (L). Only jets with E T < 200 GeV are considered for b-tagging in CDF due to the fact that the Higgs-Optimized B Identification Tagger (HOBIT) [26] used here was trained on SM Higgs boson signal Monte Carlo (MC) events which did not contain sufficient quantities of jets with E T > 200 GeV and thus does not perform well for these jets.
For the ZH → ννbb analyses, the selection is similar to the W H selection, except all events with isolated leptons are rejected and stronger multijet background suppression techniques are applied. Both the CDF and D0 analyses use a track-based missing transverse momentum calculation as a discriminant against false E / T . In addition both CDF and D0 utilize multivariate techniques, a boosted decision tree at D0 and a neural network at CDF, to further discriminate against the multijet background before b-tagging. There is a sizable fraction of the W H → ℓνbb signal in which the lepton is undetected that is selected in the ZH → ννbb samples, so these analyses are also referred to as V H → E / T bb. The CDF analysis uses three non-overlapping b-tag categories (TT, TL, and T), and two jet categories (two-or three-jet events) giving a total of six sub-channels. In the D0 analysis, exactly two jets are required and two exclusive categories, the medium (MT) and tight (TT), are defined using the sum of the b-tagging outputs for each of the two selected jets. In the SM Higgs boson search, CDF uses neural-network outputs for the final discriminating variables, while D0 uses boosted decision tree outputs.
The ZH → ℓ + ℓ − bb analyses require two isolated leptons and at least two jets. D0's ZH → ℓ + ℓ − bb analyses separate events into non-overlapping samples of events with either a single tight b-tag (ST) or a double tag (DT). CDF separates events into tight single tag (T), tight double tag (TT), tight-loose double tag (TL), and loose double tag (LL) samples. To increase signal acceptance D0 loosens the selection criteria for one of the leptons to include an isolated track not reconstructed in the muon detector (µµ trk ) or an electron candidate from the inter-cryostat region of the D0 detector (ee ICR ). Combined with the dielectron (ee) and dimuon (µµ) analyses, these provide four orthogonal analyses, each divided into two b-tagging categories. CDF uses neural networks to select loose dielectron and dimuon candidates. D0 applies a kinematic fit to optimize reconstruction, while CDF corrects jet energies for E / T using a neural network approach. D0 uses random forests (RF) of decision trees to provide the final variables in the SM Higgs boson search. The first RF is designed to discriminate against tt events and divides events into tt-enriched and tt-depleted ST and DT regions. Only events in the tt-depleted ST and DT regions are considered in this study. These regions contain ≈ 94% of the SM signal. CDF utilizes a multi-layer discriminant based on neural networks where two discriminant functions are used to define three separate regions of the final discriminant function.
Both CDF and D0 see an increase in acceptance for the 2 + and 0 − models in the ZH → ννbb analyses with respect to their SM Higgs counterparts. The factor is roughly 1.5 in the acceptance, and it is largely due to the exotic signal events more easily passing the trigger thresholds for E / T . The other two channels, W H → ℓνbb and ZH → ℓ + ℓ − bb do not benefit as much from the additional E / T in these events, as they rely on the lepton triggers which are much more efficient than the E / T triggers in the relevant kinematic regions.
SM and instrumental background processes are modeled using a mixture of MC and data-driven methods. In the CDF analyses, backgrounds from SM processes with electroweak gauge bosons or top quarks are modeled using PYTHIA [27] , ALPGEN [28] , MC@NLO [29] , and HERWIG [30] . For D0, these backgrounds are modeled using PYTHIA, ALPGEN, and SINGLETOP [31] , with PYTHIA providing parton-showering and hadronization for all the generators. Diboson (WW, WZ, ZZ) MC samples are normalized using the NLO calculations from MCFM [32] . For top-quark-pair production (tt), we use a production cross section of 7.04 ± 0.49 pb [33] , which is based on a top-quark mass of 173 GeV/c 2 [34] and MSTW 2008 PDFs [35] . The single-top-quark production cross section is taken to be 3.15 ± 0.31 pb [36] . For many analyses, the V+jet processes are normalized using the NNLO cross section calculations of Ref. [37] , though in some cases data-driven techniques are used. Likewise, the normalization of the instrumental, multijet and, for the CDF searches, the V+heavy-flavor jet backgrounds are constrained from data samples where the expected signal-to-background ratio is several orders of magnitude smaller than in the search samples. For the D0 searches, the V+light-flavor is normalized to data in a control region, and the V+heavy-flavor normalization, relative to the V+light-flavor, is taken from MCFM. In addition, for the D0 searches, prior to b-tagging V+jets samples are compared to data and corrections applied to mitigate any discrepancies in kinematic distributions.
IV. SIGNAL PREDICTIONS
We normalize the Higgs boson signal predictions to the highest-order calculations available at the time of the studies. Our W H and ZH cross sections are from Ref. [38] . This calculation starts with the NLO calculation of v2hv [39] and includes NNLO QCD contributions [40] , as well as one-loop electroweak corrections [41] . The cross sections used are listed in Table I .
In order to predict the kinematic distributions of Higgs boson signal events, CDF and D0 use the PYTHIA MC program, with CTEQ5L and CTEQ6L1 [42] leading-order (LO) parton distribution functions, respectively.
The J P = 0 − and J P = 2 + signal samples are generated using MADGRAPH 5 version 1.4.8.4 [43] ; the exotic signal model components were provided by the authors of Ref. [10] . We have verified that J P = 0 + samples produced with MADGRAPH agree well with the SM PYTHIA simulations. The Higgs boson decay branching ratio predictions used for this result are those of Refs. [44, 45] . In this calculation, the partial decay widths for all Higgs boson decays except to pairs of W and Z bosons are computed with HDE-CAY [46] , and the W and Z pair decay widths are computed with Prophecy4f [47] . The relevant decay branching ratios are listed in Table I . The uncertainties on the predicted branching ratios from uncertainties in m b , m c , and α s are presented in Refs. [48, 49] .
Tables II and III summarize, for CDF and D0 respectively, the channels over which the searches are performed. References to further details for each analysis are also given. II: Luminosity and references for the different processes and final states (ℓ = e or µ) for the CDF analyses. The generic labels "2×" and "3×" refer to separations based on lepton categories.
Channel
Luminosity
TABLE III: Luminosity and references for the different processes and final states (ℓ = e or µ) for the D0 analyses. The generic labels "2×" and "4×" refer to separations based on lepton categories.
V. FINAL DISCRIMINANT VARIABLES Because these searches are largely based on the searches for the SM Higgs boson but are re-purposed to test for the 0 − and 2 + hypotheses, new final discriminants have been optimized in each channel. The possible presence of two Higgs-like particles guides the construction of appropriate discriminant variables; sensitivity to both the SM Higgs boson and the exotic Higgs boson are simultaneously desired.
For CDF, the discriminants are based on the MVA functions used in the searches for the SM Higgs boson, reoptimized for the exotic scenarios. In the W X → ℓνbb channel, the discriminants are re-trained using either the 0 − or the 2 + model as the signal, thus producing two discriminants, D 0 − and D 2 + for each sub-channel, for separating the 0 − signal or the 2 + signal from the background. The discriminant used in the SM Higgs boson search is denoted here as D 0 + . Each discriminant is scaled so that its value is in the range [0,1]. In the 0 − search, if D 0 − > 0.5, then D 0 − is used as the final discriminant, otherwise D 0 + /2 is used as the final discriminant, and similarly for the 2 + searches. The list of variables used as inputs to the discriminants is similar to that used for the SM Higgs boson search. The SM Higgs boson search did not use the variable M ℓνbb however, and it was not added for this analysis. Instead, H T , which is the scalar sum of all of the transverse energies in the event, serves as a proxy.
In CDF's V H → E / T bb search, a similar approach is taken, though the anti-QCD neural network has been re-trained using the exotic signals. The exotic-Higgs discriminant is chosen if its value exceeds 0.6, and otherwise the SM Higgs discriminant is used. The variables used as inputs to the discriminants are the same as those used in the SM Higgs boson search. The transverse mass of the E / T bb system was in the SM Higgs boson search input variable list and did not need to be added.
In CDF's ZH → ℓ + ℓ − bb search, the neural network strategy already is a cascade of several neural networks applied in turn, and so only a new discriminant, trained to separate the exotic signal from the background but not to separate the exotic signal from the SM Higgs boson signal is applied.
D0 uses the mass of the V X system to discriminate between the different J P signal hypotheses. For the ZH → ℓℓbb analysis the invariant mass of the two leptons and either the two highest b-tagged jets (DT) or the b-tagged jet and highest p T non-tagged jet (ST) are used. For the ℓνbb and ννbb final states D0 uses the transverse mass, defined as
where the transverse momenta of the Z and W bosons are p Z T = E T and p W T = E T + p ℓ T . In the W H → ℓνbb analyses the two jets can either be one b-tagged jet (1TT) and the highest p T non-tagged jet, or the two b-tagged jets from any of the two b-tag categories (2LT, 2MT or 2TT). For the ZH → ννbb analysis the two jets are from either the medium (MT) or tight (TT) b-tagging channels.
To further improve the discrimination between the signal and SM backgrounds, D0 uses the invariant mass M jj of the dijet system in the ℓℓbb and ννbb final states and the final multivariate analysis output of the SM Higgs boson search in the ℓνbb final state to discriminate between the non-SM signals and the backgrounds. In the case of the ℓℓbb and ννbb analyses we select two regions with different signal purity. Events with 100 ≤ m jj ≤ 150 (70 ≤ m jj ≤ 150) for ℓℓbb (ννbb) comprise the "high-purity" region (HP), while the rest of the events comprise the "low-purity" region (LP). In the ℓνbb case events with an MVA output less than 0 provide negligible sensitivity and are not considered further. The remaining events are split into two regions with different signal purity. The LP region consists of events with an MVA output less than 0.5, and the HP region consists of events with an MVA output greater than, or equal to, 0.5.
VI. CANDIDATE DISTRIBUTION
The number of contributing channels is large, and their sensitivity varies from one final state to another and with the event classification. The discriminating variables chosen and their binning are also not commensurate from one channel to another, and so the distributions cannot be simply summed. If the distributions were summed, then the channels with large backgrounds will dominate the sum and the signal will not be easily visible. To address these issues, we follow the procedure used in Ref [6] to visualize the aggregate data from the contributing channels. Bins with similar signal to background ratios (s/b) are summed together from all contributing sub-channels, and the data are displayed compared with the signal and background predictions. The distributions are shown separately for the 2 + search and the 0 − search in Fig. 1 . The backgrounds are fit to the data in each case, allowing the systematic uncertainties to float within their a priori constraints. For symmetry, neither the SM Higgs boson signal nor the exotic signal is included in these fits. The exotic signal, within the a priori constraints, is shown stacked, and the SM signal is shown as a separate, unstacked histogram. The sorting of the bins is performed using the ratio of the predicted exotic signal to the predicted background. Both signals are shown assuming µ exotic = µ SM = 1, where µ exotic (µ SM ) is the scaling factor applied to the exotic (SM) Higgs boson signal. This representation of the data is not used to compute the final results, since the distribution indiscriminately sums unrelated backgrounds which are fit separately. It does, however, provide a guide to how much individual events contribute to the results and how well the signal is separated from backgrounds in the combined search. It furthermore illustrates the relative ability of the discriminating variables to distinguish between SM and exotic signals. Both distributions show agreement between the background predictions and the observed data over four orders of magnitude, and no evidence for an excess of exotic signal-like candidates. We also display in Fig. 2 the data distributions sorted by the ratio of the exotic signal to the predicted background, with the background subtracted. Wider bins are chosen than in Figure 1 , and underflows and overflows are collected into the lowest and highest visible bins, respectively. As in Fig. 1 , the background-only model has been fit to the data, allowing the systematic uncertainties to float. The signals are shown assuming µ exotic = µ SM = 1; the post-fit uncertainties on the background are also displayed. No excess of data is see above the background fits in the bins most sensitive to an exotic signal.
VII. COMBINING CHANNELS
To gain confidence that the final result does not depend on the details of the statistical formulation, we perform two types of combinations, using Bayesian and modified frequentist approaches. These two approaches were found to yield limits on the Higgs boson production rate that agree within 10% for all hypotheses tested, and within 1% on average for this result and previous works [6] . Both methods rely on distributions in the final discriminants, and not just on their single integrated values. Systematic uncertainties enter in the predicted number of signal and background events as well as on the distribution of the discriminants in each analysis ("shape uncertainties"). Both methods use likelihood calculations based on Poisson probabilities.
We interpret the results of the searches by computing exclusion limits, cross section fits, and p values for testing the 2 + and 0 − hypotheses. The first step is the construction of a binned likelihood, combined for all contributing channels by multiplying the individual channels' likelihoods together. For a single channel, this likelihood is the product over all bins in the histogrammed final discriminant of the Poisson probability for observing the data in 
In this expression, the first product is over the number of channels (N C ), and the second product is over histogram bins containing n ij events, binned in ranges of the final discriminant variables used for the individual analyses. The predictions for the bin contents are r ij = µ SM × s SM,ij ( θ) + µ exotic × s exotic,ij ( θ) + b ij ( θ) for channel i and histogram bin j, where s SM,ij , s exotic,ij , and b ij represent the expected SM Higgs boson signal, the exotic Higgs boson signal, and the SM background in the bin, respectively, and µ SM (µ exotic ) is the scaling factor applied to the SM (exotic) Higgs boson signal as defined previously. By scaling all SM Higgs boson signal contributions by the same factor, we assume that the relative contributions of the different processes are as given by the SM. We also assume the SM production and decay ratios for the exotic Higgs boson, which is a mild assumption since all channels reported here are sensitive only to the X → bb decay mode and the ratios of associated production with a W and a Z are likely to be close to those in the SM due to custodial symmetry. Systematic uncertainties are parametrized by the dependence of s SM,ij , s exotic,ij , and b ij on θ. Each of the n sys components of θ, θ k , corresponds to a single independent source of systematic uncertainty, and each parameter may have an impact on several sources of signal and background in different channels, thus accounting for correlations. Gaussian priors are assumed for the θ k , truncated so that no prediction of any signal or background rate is negative.
To compute the exclusion limits and the best-fit cross sections, we adopt a Bayesian approach. In these calculations, the likelihood function, multiplied by the θ k priors, π(θ k ), is then integrated over θ k including correlations [53] , L ′ (data|µ SM , µ exotic ) = L(data|µ SM , µ exotic , s, b| n, θ)π( θ)d θ.
(
To compute upper limits on the rate of exotic Higgs boson production, we assume a uniform, non-negative prior in µ exotic and obtain its posterior distribution. The observed 95% credibility upper limit on µ exotic , µ exotic,95 obs is the value of µ exotic such that the integral of the posterior density of µ exotic from zero to µ obs exotic,95 corresponds to 95% of the integral of µ exotic from zero to infinity. The expected distribution of µ exotic,95 is computed in an ensemble of pseudoexperiments generated without exotic signal. In each pseudoexperiment, random values of the nuisance parameters are drawn from their priors. The median expected value of µ exotic,95 in this ensemble is denoted µ exp exotic,95 . The observed and expected upper limits on µ exotic are computed separately assuming the presence of a Higgs boson with SM properties, and also assuming its absence. The upper limits are listed in Table IV separately for 2 + and 0 − bosons for the combined CDF and D0 searches.
We also perform two-dimensional cross section fits, allowing for the possibility of an arbitrary admixture of SMlike and exotic Higgs bosons. Assuming a uniform prior in the (µ SM , µ exotic ) plane, we compute the posterior probability density for each of the input channels and their combination, separately for the 2 + and 0 − exotic Higgs boson hypotheses. Figure 3 shows the two-dimensional domains integrating 68% and 95% of the posterior probability densities for the Tevatron combination. The point in the (µ SM , µ exotic ) plane which maximizes the posterior probability density is shown as the best fit value. For the Tevatron combination, the best-fit values are (µ SM =1.1, µ 2 + = 0) for the search for the 2 + state, and (µ SM =1.0, µ 0 − = 0) for the search for the 0 − state.
In the modified frequentist approach [54] , we also compute p values for the discrete two-hypothesis tests, with the SM Higgs boson hypothesis on one hand, and the exotic hypothesis on the other. Because there are no theoretical predictions for the production cross sections and decay branching ratios for the exotic models, we choose to test the model (µ SM =0, µ exotic =1) against the model (µ SM =1, µ exotic =0). The test statistic used to compute these p values is the ratio of maximized likelihoods, shown here for the first case above, testing
whereθ are the best-fit values of the nuisance parameters assuming the exotic Higgs boson hypothesis, andθ are the best-fit values assuming the SM Higgs boson hypothesis. The LLR distributions for the combined CDF and D0 searches are shown in Fig. 4 for the 2 + Higgs boson (left-hand plot), and the 0 − Higgs boson search (right-hand plot). The LLR distributions are shown separately assuming an exotic particle is present with µ exotic = 1 plus SM backgrounds, and if the SM Higgs boson plus SM backgrounds are present.
To compute the p values, pseudoexperiments are drawn either from the SM Higgs boson hypothesis or the exotic Higgs boson hypothesis, where values of the nuisance parameters are drawn randomly from their prior distributions. We compute two p values, which test either the SM hypothesis (p null ) or the exotic hypothesis (p test ). These are defined as
and p test = P (LLR ≥ LLR obs |exotic).
We further define the values of p null and p test expected if the data agreed with the median LLR value for either the exotic model prediction or the SM prediction, respectively.
and p SM test,med = P (LLR ≥ LLR SM med |exotic).
A small value of p null is the customary criterion for claiming evidence (with a threshold of 0.00135) or observation (with a threshold of 2.87 × 10 −7 ) of a new particle or process. A small value of p test (typically 0.05) is used to exclude the test hypothesis. In order to prevent exclusion of models for which there is insufficient sensitivity, due to a downward fluctuation in the background, we also quote the values of [55] . Table V lists the p values and the equivalent number of Gaussian standard deviations z corresponding to each p value, using a one-sided definition p = (1 − erf(z/ √ 2))/2.
A. Systematic Uncertainties Systematic uncertainties differ between experiments and analyses, and they affect the rates and shapes of the predicted signal and background in correlated ways. The combined results incorporate the sensitivity of predictions to values of nuisance parameters, and include correlations between rates and shapes, between signals and backgrounds, and between channels within experiments and between experiments. More details on these issues can be found in the individual documents [6, 19, 20] . Here we consider only the largest contributions and correlations between and within the two experiments.
Sources of systematic uncertainty that affect both the normalization and the shape of the final discriminant distribution include jet energy scale (1-4)%, jet energy resolution (1-3)%, lepton identification, trigger efficiencies, and b-tagging. Uncertainties on lepton identification and trigger efficiencies range from 2% to 6% and are applied to both the signal and MC-based background predictions. These uncertainties are estimated from data-based methods separately by CDF and D0, and differ based on lepton flavor and identification category. The b-tagging efficiencies and mistag rates are similarly constrained by auxiliary data samples, such as inclusive jet data or tt events. The uncertainty on the per-jet b-tag efficiency is approximately 4%, and the mistag uncertainties vary between 7% and 15%.
The largest sources of uncertainty on the dominant backgrounds are the rates of V +heavy flavor jets, which are typically 20-30% of the predicted values. Using constraints from the data, the uncertainties on these rates are typically, a priori, 8% or less. The data samples in the V +jets selections prior to b-tagging are used as control samples to constrain systematic uncertainties in the MC modeling of the energies and angles of jets. Any residual discrepancy coming from the difference between light-and heavy-flavor components is shown to be smaller than the systematic uncertainties associated with the generator or the correction procedures themselves.
Significant sources of uncertainty for all analyses are the integrated luminosities used to normalize the expected signal yield and MC-based backgrounds, and the cross sections for the simulated backgrounds. The uncertainties on the measurements of the integrated luminosities are 6% (CDF) and 6.1% (D0). Of these values, 4% arises from the uncertainty on the inelastic pp scattering cross section, which is correlated between CDF and D0. CDF and D0 also share the assumed values and correlate uncertainties on the production cross sections for top-quark processes (tt and single top) and for electroweak processes (W W , W Z, and ZZ), using the values given earlier. Cross-section uncertainties of 6% and 7% are used for diboson and tt production respectively. The uncertainty on the expected multijet background in each channel is dominated by the statistics of the data sample from which it is estimated and varies from 10% to 30%.
VIII. SUMMARY
In summary, we have combined the CDF and D0 tests for a pseudoscalar Higgs boson with J P = 0 − and a gravitonlike boson with J P = 2 + in the W X → ℓνbb, the ZX → ℓ + ℓ − bb, and the ZX → E / T bb search channels using models described in [10] . No evidence is seen for either of the exotic particles, either in place of the SM Higgs boson or produced in a mixture with a J P = 0 + Higgs boson. The best-fit cross section times the decay branching ratio to bb is consistent with the prediction of the Standard Model Higgs boson. Upper limits at the 95% CL on the rate of the production of an exotic Higgs boson are set at 0.36 times the SM Higgs production rate for the 2 + hypothesis, and 0.36 times the SM Higgs production rate for the 0 − hypothesis. If the production rate times the (X → bb) branching ratio of the exotic particle is the same as that predicted for the SM Higgs boson, then the exotic models are excluded with significances of 4.9 s.d. and 5.0 s.d. for the 2 + and 0 − models, respectively. 
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